ABSTRACT
Surgical procedure
Through a left thoracotomy, a resection of the lingula was performed in order to create a BPF with an output exceeding 50% of the inspired volume. The chest cavity was closed and drained into the water sealed system for initial observation of the high output BPF (Figure 1 ).
FIGURE 1 -Light bronchus (green circle) with approximately four millimeters in diameter.

Experimental protocol of mechanical ventilation
The Using these ventilatory parameters, it was possible to maintain the end-tidal CO 2 (PetCO 2 ) around 45mmHg.
Statistical analysis
Comparison of the hemodynamic and ventilatory parameters among the different phases of the experiment was performed using repeated measures ANOVA, considering each pig as an experimental block. Differences were considered significant when p<0.05.
Results
The results of changes in ventilation and hemodynamic changes recorded in pre-fistula (baseline) and after the creation of the BPF (simple drainage and water seal) are arranged in Table 1 .
Below is the representative model of volumetric capnography curves during their treatments.
Discussion
Despite the need to reduce morbidity and mortality of BPF therapy, particularly when associated with mechanical ventilation, little has been advanced in this field in the last decades.
Several studies have described tentative strategies to control BPF output during MV [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, these studies are mostly case reports and reviews, which failed to present an adequate solution to complications such as pneumothorax, hemodynamic instability, persistent air leak and severe hypoxemia [8] [9] [10] [11] [12] 16 . This demonstrates FIGURE 2 -Volumetric Capnography x Treatments. In the "x" axis, tidal volume (mL) and the "y" axis, the CO 2 partial pressure (mmHg). Note that alveolar volume behaves better during the water seal treatment (red line).
As it may be observed in this table, significant differences between the phases were observed only in the BPFO and PaCO 2 values. Although alveolar ventilation showed a slight improvement with the installation of water sealed drainage this difference did not attained statistical significance (Figure 2) . introduction of water-sealed thoracic drainage. In some cases, increasing the ventilatory rate might compensate the air leak, thus preventing or at least reducing the CO 2 retention. However, this could increase mean airway pressure, reduce cardiac output and increase fistula output. A slight, not statically significant increase of the PIT was observed during our experiment (data not shown).
In order to mechanically reduce the BPF output, Gallagher et al. 13 , proposed the insertion of a unidirectional valve in the drainage bottle, synchronized with the inspiratory phase of the mechanical ventilator. This procedure did not produce any deleterious effect over the cardiopulmonary function. In the present experiment, insertion of a water-sealed thoracic drain resulted in improved saturation and better CO 2 clearance without any drop in cardiac output or significant changes in MAP. Analysis of volumetric capnography data from Figure 2 confirms that these changes resulted in a slight improvement of alveolar ventilation, although this improvement was not statically significant. Although this study is limited by the fact that it is an experimental study and that the experiments were performed on previously healthy lungs, the combined analysis of these data allows us to recommend water-sealed drainage as an efficient strategy to treat BPF. However, in order to reduce morbidity and mortality associated with this condition, it is of utmost importance that both surgical and non-surgical techniques to promote early closures of these fistulas continue to be pursued.
Conclusion
Insertion of a water-sealed thoracic drain resulted in reduction in bronchopleural fistula output and better CO 2 clearance without any drop in cardiac output or significant changes in mean arterial pressure.
